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The Barents Sea forms an epicontinenta1 sea (1.3 mill km2 ), ootmded by 
the Arctic Ocean to the oorth, the Svalbard archipelago and the 
Norwegian - Greenland sea to the west, the Fennoscandian shield in the 
south and Franz Josef Land and Novaya Zemlya to the east (Fig. 1). It 
is characterized by northeast-south west trending basins (300-500 m 
water depth) and shallCM banks (30-150 m water depth) , and has an 
average water depth of 230 m, which is significantly deeper than most 
of the present day high arctic shallCM (10-60 m deep) shel ves outside 
North America and the USSR. The shelf depth is most likely a response 
to repeated glaciatians in the Late Cenozoic (ElverhØi & Solheim 
1983a; Solheim & Kristoffersen 1984), leaving only a thin ( average 
< 15 m) sediment cover aOOve the Mesozoic and Paleozoic bedroc::k . Thick 
Quaternary deposits (50-100 m) are only found locally in troughs and 
as till ridges. Thick deposi ts, 50 - > 400 m, are also observed in 
BjØrnøyrenna, an area which has been a major depocenter througoout the 
Late Cenozoicum (Solheim & Kristoffersen 1984). The boundary between 
the bedroc::k and i ts overlying sediments is in most areas defined as an 
angular unconformi ty, in principle the same ooundary as found else­
where on the Norwegian shelf. 
The lIDdern Barents Sea spans a range of sedimentary environments , . 
fran iee-proximal glacianarine with cold Polar water in the north to 
year-round iee-free conditions and Atlantic water in the south 
(ElverhØi 1984; Pfinnan 1985). In the oorth, sediments are supported 
directly fran the calving glaciers with additional support by ieebergs 
and sea-ieee The main sediment source is, h:Mever, fran rking on 
shallCM banks by currents. The most extensive rking is observed at 
Spitsbergenbanken. Here a lag of Late Weichselian glacially derived 
clasts has been left and mixed with Holocene bioclasts, forming the 
northerrmost reported lIDdern carbanate accunrulation (BjØrlykke et al. 
1978; ElverhØi 1984). 
Dur understanding of the shallCM geology and geophysics in the 
Barents Sea is mainly based on investigatians during the last 15 
years, c::x:Jnducted by the Norwegian Polar Research Institute, Norwegian 
Petroleum Directorate and the Continental Shelf Institute. 









Figures 17, 19 & 24 are marked. 
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The main emphasis has been given to characterization of the regional 
pattern of sediment canpc>si tion and distribution. The study of chrono­
logy and extension of the Quaternary glaciations has been a main 
topic, and still is. By understanding at least the last glaciation, a 
mnnber of questions on sediment origin and properties could be rrore 
easily salved. Important aspects of high latitude shelf environment 
are still scarcely investigated, e.g. ice scour, or they have been 
essentially neglected, e.g. subsea permafrost. 
MJst of the work done so far has been published or is available in 
preprints, reports and theses (appendix I). The data can, hcMever, be 
applied to a number of new studies and be reinterpreted for a range of 
PUrpJSes. In this report we surrmarize existing' knowledge on essential 
topics of the sediments, their underlying' bedrock and the physical 
setting's of the region. The report will also include the limi tations 
of the data and the need for new information. The northem and 
0 0
northwestern Barents Sea defined by the 35 E and 74 N is the main 
study area, while data fran the northern part of Bjørnøyrenna south to 
0
72 N are included. Additionally, sone data fran fjords on the west 
coast of Svalbard are presented. The report also includes a discussion 
on subsea permafrost, - definitions, tenninology, detection methods 
and possibilities for the existence of subsea permafrost in the 
Barents Sea region. 
1. SEA leE ClN)lTICNS 
Sea ice information has been achieved. fran the Barents Sea during' the 
last 80 years (e.g. QOCIal 1953 and Vinje 1985 for a review). HCMever, 
the use of satelli te iJnages (1966) and the introduction of autanatic 
satelli te-traced ice drift buoys (1975) represented a break-through in 
rroni toring' the sea-ice coo.ditions and ice drift pattern (Vinj e 1985). 
In the winter time considerable parts of the Barents Sea are covered 
by sea-ice (Fig. 2), while the west coast of Svalbard may rernain open. 
The fjords on the western and northern coast may also be kept open for 
long periods during' the winter. The southem extention of the ice edge 
in the winter time follCMS the oceanic Polar front (see page 7). 
HcMever, interannual variations are considerable. During' the mel t 
o
season the ice edge may retreat as far north as 81 N, and especially 
north of Svalbard, there may be open water condi tions until late 
November/December . 
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Fig. 2. SoutheTI1 limit of sea ice concentrations greater than 4/10 at 
the end of each rronth of 1982 (broken line), together wi th the 
frequency distribution for the period 1971-1980 ( given in tenths). 
From Vinje (1985). 
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The ice drift patteITl is in general to the south, and wind is the 
dcminant drivi.n] force (Vinje 1985). The major part of the Barents Sea 
ice is fonned locally, while multiyear ice frau the Arctic Ocean may 
pass through the passages east of Svalbard for shorter periods. The 
ice thickness is, in the southeIn parts, between 40 and 150 cm, and 
applyi.n] the concept of Lebedev (1938) of "degree days" (i.e. accumu­
lation of days multiplied with the respective daily average of the 
negative temperature ) the thickness in the fX)rtheIn areas is estimated 
to 165 cm (Vinje 1985). 
Icebergs have only been systanatically observed frau Hopen and 
BjØrnøya wi th the maxinrum frequency of observatians in April (Fig. 3). 
The size is fX)rmally less than 100 m, and as fX)ted later, the present 
day maxinrum water depth of ice ploughi.n] is approximately 100 m 
(Solheim et al. in press). Exceptionally large arrounts of iceberg 
may, lxMever, be produced duri.n] glacier surges (Vinj e 1985). 
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Fig. 3. Frequency of iceberg 
observatians at Hopen and Bjørnøya 
1970-1981. From Vinje (1985). 
It is to be fX)ted that relatively little hydrographic information is 
available frau the fX)rtheIn Barents Sea, and all data are limi ted to 
the St.m118r . The Barents Sea and the shelf areas fX)rth and west of 
Svalbard are influenced by two different types of water masses. 
Atlantic water enters the area frau the south, where one branch flows 
into the Barents Sea as the North cape Current (Fig. 4) while another 
part continues fX)rthward along the west coast of Svalbard as the West 
10 
Spitsbergen Current (for a review of the Barents Sea hydrography, see 
Eide 1983 and Pfirman 1985). The Atlantic water cantinues into the 
Barents Sea as several currents. One splits off and flCMS up BjØrnøy­
renna west of Sentralbanken and then northward, while the branch to 
the south of Sentralbanken continues east and northward as the Novaya 
Zemlj a Current (Fig. 4). 
Fig. 4. General circulation map. Solid arrows denote warm water, 
broken arrows denote cold water. Heavy lines indicates Polar Front. 
Labelled currents are: 
l. West Spitsbergen Current 
2. North cape Current 
3. South cape Current 
4. Persey Current 
5. Hopen-Bjørnøya Current 
6. East Spitsbergen Current 
7. Arctic Atlantic Current 
8. Novaya Zemlya Current 
FDom Pfirman (1985). 
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The West Spitsbergen Urrrent mainly follCMS the shelf break, 
sanetiIæs entering the shelf i tself (Ganmelsrød & Rudels 1983) . The 
° 
Atlantic water is defined by T > 3 C and S > 34,9 %. The inn.er 
shelf water may not be classified as Atlantic water. However, the 
0
ternperature is well al:xJve freezing p:>int, +1 to +3 C (Ganmelsrød & 
Rudels 1983). Sub zero temperatures have been revealed in Raudfjorden 
,IDd .Ul Van Mijenfjord.en (Schei et al. 1979; Ganmelsrød & Rudels 1983). 
But these water masses may be renewed periodically. 
The West Spitsbergen Urrrent turns eastward north of Svalbard and 
mayenter the Barents Sea fran the north through relatively deep 
throughs, 200-250 m (Pfirman 1985). Very few measurements on T-S and 
i-:urrent veloci ties and directions have been undertaken north of 
Svalbard ( e. g. Aagaard et al. 1983), but as on the western coast, the 
Atlantic water penetrates the shelf. Urrrent measurements in Hinlopen­
stretet indicate influence of Atlantic water in this area as well 
(Foldvik pers. catII1 . 1986). The Atlantic water or Atlantic influenced 
water may not pennanentl y cover the entire northern shelf, but it is 
likel y that they represent the daninating water masses (Foldvik pers. 
cann. 1986). 
The second major water mass, Arctic Water or Polar Water is charac­
° 
terized by T < -l. 0 C and salinities of 34,2-34, 5 % (Pfirman 1985). 
These water masses are probabl y produced fran a deep convection layer 
developed during sea-ice formation (see Pfirman 1985). The Arctic 
water is found at 30-100 m water depth, and the area where it meets 
the Atlantic water is kJ1a.m as the oceanic Polar Front (Fig. 4). 
BelCM the Atlantic water, cold deep water may be found, probably 
formed by cooling of Atlantic water near shallCM banks (Loeng 1980) or 
by rrodification of arctic water (Pfirman 1985). The temperature of 
this water mass is slightly below zero (Fig. 5). 
Except for very limi ted areas, the bottaTI water temperature is 
characterized by sub zero CCt1ditions (Fig. 6). As noted Atlantic water 
also penetrates into the northern and central Barents Sea fran the 
north, seen as a core of warm water between Nordaustlandet and 
Kvi tøya (Fig. 6). In the central areas, the Atlantic water is seen in 
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Fig. 5. Hydrographie station 
east showing typieal Barents 
soo Sea water masses. 
'  : POS:18.1'l"N U.I8l"[ : IIrtE:81. 8.lS : 21.58 FDom Pfirrnan (1985) . 
•,. 
Fig. 6. Bottan water p:roperties: 
standard Deviation 
Depth 174.2 91. 2m 
Temp. -0.11 1.190 C 
Salinity 34.44 2.31%0 
27.67 1.86Gt 
Fran PfiIlUan (1985). 
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the strait between storbanken and Sentralbanken, whi1e sub zero 
temperatures have been measured as far south as 720N (see Eide 1983, 
p. 112) . All the banks are covered by cold water, and sub zero water 
is found all the way alOI1CJ the east coast of Svalbard and down the 
plateau south of Edgeøya including Spitsbe:rgenbanken. Approximately, 
the 100 m contour defines the deepest level for cold water extension 
in the western parts, while the 200 m contour defines the lower 
boundary in the central and IX>rthern parts (Eide 1983, p. 116; Pfirman 
1985) . 
The general circulation pattern in the Barents Sea is characterized 
by the south and westeri y flCMing Polar water meeting the IX>rth and 
eastward rroving Atlantic water, leading to the well krxJwn cyclonic 
circulation pattern (Pfinnan 1985). 
3. GroIOOlCAL AND GEDPHYSlCAL DATA AND DATA ACUJISITICN 
The different cruises that have provid.ed the data base are listed in 
Table 1. See also appendix Il. 
The principal sound source has been l kJ sparker wi th analogue 
recx>rding via a single channel streamer. Additionally, high resolution 
data have been obtained by 3.5 kHz ecOO sounding, and in sone very 
local areas side sean sonar has been applied (Solheim & Kristoffersen 
1984; ElverhØi & Solheim 1983b). 
Sediment samples are mainl y obtained by dredge and grab in shallCM, 
hard bottan areas, while a 3 ro lOI1CJ gravity corer has been the main 
toal in d.eeper areas wi th soft sediments. Vibro cores and shallCM rock 
cores have been recovered fran a few stations (El verhØi & Solheim 
1983b) . Bottan ph::>tographs are available fran about 100 stations 
(Larsen 1982; El verhØi & Solheim 1983b; El verhØi & Solheim 1983c). 
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Survey area SOlIDd Energy . Sampling 
Year source (kJ) equipnent 
Institution 
NP/NINFK Spitsbergen Sparker 0.5-8.0 Gravity 
1971 corer, grab, 
dredge, photo 
NP-1977 NE & SE of Sparker 1.0 Gravity 
Bjørnøya corer, 
dredge 
NPD-1977 Central Sparker 1.0 Gravity 
Barents Sea corer, 
dredge 
NP-1978 	 Western Sparker 1.0 
margin & 
Bjørnøyrenna 
NPD-1978 Central Gravity 
Barents Sea corer, 
dredge 
NPD-1979 	 Central, Sparker 1.0 
southern 
Barents Sea 
NP/NPD-1980 Northern Sparker 1.0 Gravity 
WHOI Barents Sea corer, 
dredge, 
photo 
NP-1981 Northern 3.5 kHz Gravity 
Barents Sea PDR corer, 
photo 
NPD-1981 	 Spitsbergen- Sparker 1.0 
banken 
NP-1982 	 Northern 3.5 kHz 
Barents Sea PDR 
NP/NPD-1983 Northern Sparker 1.0 Gravity 
Barents Sea 3.5 kHz corer, 




NP-1984 South of Sparker Gravity 
(NSKV) Nordaustl. 3.5 kHz corer, 
photo 
NP-1985 South of Sparker Gravity 
(NSKV) Nordaustl. 3.5 kHz corer, 
side sean photo, 
grab 
Table l: Non-confidential shallCM geological and geophysical data 
collected by Norwegian institutians in the Barents Sea. 
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BEDROO< GEOLOOY' 
Our kn:Mledge of the bedrock geology in the central and rnrthe:rn 
Barents Sea is limi ted and mainly based on geophysical investigations 
and correlations wi th the geology of onshore areas and surface dredge 
samples (Eldholm & Talwani 1977; Dibner 1978; RØnnevik et al. 1982; 
Faleide et al. 1984; Eldholm et al. 1984; Kristoffersen et al. 1984; 
ElverhØi & Lauritzen 1984). 
The geology of the southe:rn Barents Sea (south of 74oN) is rnt 
discussed in this rep:::>rt. Due to the thin sediment cover abave the 
bedrock in the area rnrth of 740N shallCM geological and geophysical 
surveys can be applied in regional stratigraphic studies (Bjærke 1979; 
ElverhØi & Solheim 1983b; Kristoffersen et al. 1984; ElverhØi & 
Lauritzen 1984). These investigations canbined wi th available deep 
seismic surveys sean to indicate the follCMing: 
- In the rnrthe:rnrrost parts of the Barents Sea between Kvi tøya 
and Nordaustlandet (Fig. 7) metanorphic rocks of Precambrian 
and Lawer Paleozoic age (named. Hecla Hook) extend fran the 
islands into the offslx>re areas. 
- Perrro-carbonife:rous rocks outcrop in the southe:rn part of 
Nordaustlandet. These rocks have been found to extend farther 
east, and rock core drilling on the southeITl tip of the 
Kvitøya Plateau confi:rmed the eastward extension (El verhØi & 
Lauritzen 1984; ElverhØi & Solheim 1983b). The transition fran 
crystalline rocks to the Upper Paleozoic sedimentary rocks is 
rnt apparent in the sparker data (Kristoffersen et al. 1984). 
Hc:Mever, the Upper Paleozoic is identified as a well defined 
reflector on the rnrthe:rn slope of Frans-Victoriarenna onl y 
covered by a 10 to 30 rn thick sediment cover. The Upper 
Paleozoic sequence is also identified through its high 
velocity, 4.5 km/s, rnrth of Kong Karls Land (Eldholm et al. 
1984) • 
- Kong Karls Land and i ts surround.ing areas mark the transi tion 
fran the Upper Paleozoic to the Mesozoic rocks which cover 
nost of the Barents Sea (Diebner 1978; Rønnevik et al. 1982). 
Based on dredged glacial clasts, sandstones daninate the 
li th:>logy (Fig. 8). Around Kong Karls Land and south to Hopen, 
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Triassic/Lc:Mer Jurassic rocks dcminate, while there seems to 
be a southward younging tc:Mards Jurassic/Lc:Mer Cretaceous 
rocks in the Storbanken - Sentralbanken area ( Fig. 7) . Deep 
seismie surveys (Rønnevik et al. 1982; Faleide et al. 1984) 
also indicate extensive Triassic subc:rop in the northern 
Barents Sea, while Jurassic-Lc:Mer Cretaceous rocks are 
confined to the southem part of Storbanken and Sentralbanken 
(Rønnevik et al. 1982). North of Kong Karls Land the strata 
tend to dip southeastward wi th slopes of 1-3°, while the 
island itself apparent ly is located on a broad sync1ine with 
an antieline superimposed on its southem flank (Figs. 9 and 
10) . Farther south the bedrock is structurall y rrore disturbed 
with a dip up to 7°. In spite of the ccmplexity of the area, 
there seems to be a regional southward dip of the strata 
(Kristoffersen et al. 1984). 
- The infonnation fran Spitsbergenbanken is limited. High 
velocity rocks, 3.8-4.4 krn/s (Eldholm & Talwani 1977) at the 
sea-flcor cause limited penetration to deeper rocks. Studies 
of clast material, suggested to be of relati vel y local origin, 
indicate Triassic sediments tc:Mards Hopen and Bjørnøya, while 
Jurassic rocks may be present in the central part of the 
Spitsbergenbanken plateau (Edwards 1975; Bjørlykke et al. 
1978). Southeast of Bjørnøya the Permian succession found on 
land seems to continue offshore down to a water depth of 300 rn 
(Grønlie et al. 1980). (Fig. 7). 
Wii;',)!iWN Sandstone 
� Chert and silicified limes tone 
rz:zI Hecla Hoek rocks 
Fig. 7. Map sl"xJwing distributien of precbninant li tlx>logies (> 50%) 
based en rock fragments in the Qarternary deposi ts. Fron El verh;t>i & 
Lauritzen (1984). 
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76' 
Fig. 8. Map sh:Ming stratigraphical provinces for the Quaternary 
sediments, which are suggested to reflect the underlying bedrock .  
Qlland geology in adj acent areas is indicated in squares . Fron 
El verhØi & Lauritzen (1984). 
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GEOLOGIC STRUCTURES 
... � Crosslng of syncline 
� Crossing of anticline 
Apparent dip direction 
ero .. I"" ol 
Fig. 9. Shal10w geological structure data fran the seismie ref1ectic:n 
(sparker) data in the rx:>rthel:n Barent Sea. Fran Kristoffersen et al. 
(1984) • 
G27.æ7.
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Fig. 10. Oi9i tized sha11011 seismie reoord section a10IYJ 300 East 
meridian fran 780N-79030'N with 1itnl1ogy in dredge ooles. Fran 




The northe:rn Barents Sea fonns a shallCM platfonn wi th crystalline 
rocks in i ts very northe:rn parts. Successi vel y younger rocks are found 
to the southeast , which may be due to erosion or non-deposi tion of 
Mesozoic and Tertiary rocks in the northe:rn Barents Sea (El verhØi & 
Lauritzen 1984). In the central Barents Sea and on Spi tsbergenbanken 
Triassic and Jurassic - Lower Cretaceous rocks subcrop. In the weste:rn 
region high sea-floor seismie velocities of about 4.0-4.5 km/s are 
observed, while there is a decrease to 2.0-2.5 km/s tCMards the Kong 
Karls land area (Eldholm et al. 1984, Kristoffersen et al. 1984). The 
decrease in veloci ties may reflect an increase in bedrock porosi ty 
(Kristoffersen et al. 1984). 
The northern areas are characterized by flat layers or a gentle 
0
regional dip of 1_3 to the southeast . South of Kong Karls Land the 
structure is rrore cx::mplex. HCMever, a regional southerly dip seems 
likely aIso here (Kristoffersen et al. 1984). 
In general, our knowledge of the bedrock geology in the northe:rn and 
northweste:rn Barents Sea is limited and severely suffers fran lack of 
"ground truth". Hawever, the thin cover of unconsolidated sediments 
makes the area suitable for shallCM, stratigraphie drilling. 
5. SEDIMENl'S AOCNE BEDRO(]{ 
The boundary between the bedrock and the unli thified sediments is 
usually seen as a well-defined angular unconfonnity, but may be 
difficult to detect where bedrock layers are horizontal. 
Cætposi 
20 
tion and distribution 
The various sediment types and their distribution ( Fig. 11) and 
canposition can be surrmarized as follows (Bjørlykke et al. 1978; 
Elverhøi & Solheim 1983a,b,c; Solheim & Kristoffersen 1984; 
Kristoffersen et al. 1984; Elverhøi 1984; Solheim & Pfirman 1985; 
Solheim et al. in press.) (Figs. 12, 13 and 14): 
- Stiff pebbly mud (till and/or glacianarine sediments overrun 
by glacier) covered by soft mud wi th pebbles ( glacianarine 
deposi ts ). In areas wi th < 300 m water depth, the thiclmess of 
the two units are in general < 15 m and < 5 m, respectively. 
- In areas wi th water depth < 300 m sediment aCCUImllations occur 
locally as: 1) transverse rroraine ridges around the banks and 
2) acoustically transparent, probably glacianarine deposits, 
in troughs and as ice proxima.l features on the shallCM banks . 
- In regions with > 300 m water depth, the glacianarine 
sediments increase in thickness, to 15-20 m and are overlain 
by fine grained Holocene mud. The thiclmess of the Holocene 
mud is cx::nm::>nly < 1.5 m. The Holocene mud is also present in 
shallCMer areas, especially in depressions and as infill in 
ploughmarks . 
- Large sediment accumulations are present in water depths 
exceeding 300 m in the western part of the major troughs 
Bjør.n;tlyrenna and Storfjordrenna and exceed 500 m in thickness 
near the shelf edge. The sediment accumulations are rrost 
likely stiff pebbly mud, till and/or glacianarine deposits 
overrun and r rked by glacier. 
- On Spitsbergenbanken the glacial sediments are r rked by 
currents and mixed wi th Holocene bioclasts. Due to current 
erosion/non-deposi tion, conditions prevail on the southern 
flank of Spitsbergenbanken down to 300-400 m water depth. 
- Adj acent to cal ving icefronts along the coast surge deposi ts 
may exist as sediment ridges of varying width and relief. 
THICKNESS OF UNCQNSOLIDATED SEDIMENTS 
' .. 
Fig. 11. Fron Solheim & Kristoffersen (1984). 
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STiFF PEBBlY MUD (lill) 
Fig. 12. Gen.eralized block diagram illustrating the sediment 
distributien in the IX)rtheIn and central Barents sea. Fron ElverhØi & 
Solheim (1983a). 









G DEPOSITS AND 
STIFF PEBBlY MUD llllL! 
Fig. 13. Gen.eralized block diagram illustrating the sediment 
distributien on the slepe south of Spitsbergenbanken and IX)rtheIn part 
of Bjørnøyrenna. Fron ElverhØi & Solheim (1983a). 
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Fig. 14. Interpreted seismie (sparker) 
lines fran Bjørnøyrenna. Fron Solheim 





The sarnpled stiff pebbly muds are unsorted sediments that have shear 
strength values in the remJe of 30-70 kPa (measured with fall-cone 
apparatus ), and water oontent of 15-20% of dry weight (Fig. 15). Sti ff 
sediments have been collected at 11 locali ties by rneans of a gravi ty 
corer, while 4 sarnples have been taken wi th vibrocorer (a grid of 
samples close to Nordaustlandet is not included) (Fig. 15). 
In regions shallCMer than 300 m water depth the sti ff pebbly mud 
seems to be very thin (less than 10 m) . The sparker data shcM a 
general sediment thickn.ess above bedrock less than 10-15 m. Sediment 
coring and 3.5 kHz ecOO sounding indicate a soft sediment thiclmess in 
the remJe of 3-8 m, consequently with a similar thickness for the 
stiff sediments. The thickness has been tested at 4 localities during 
shallCM bedrock coring. On two si tes on Storbanken the thickness was 
less than 3 m, and a similar thickn.ess is also likely at the si te 
south of Kong Karls Land. At the site at the southern tip of the 
Kvitøya plateau, the till was probably missing or present with a 
maximum thickn.ess of < 0.5 m (Elverh;t>i & Solheim 1983b). 
Stiff pebbly sediments are also suggested to form the major 
consti tuents of the ridg"e accurrrulations around Spi tsbergenbanken. They 
are also suggested to underlie the glacianarine (10 to 15 m thick) 
sediments in BjØrn;tJyrenna. The interpretation of deposition directly 
fran a glacier is mainly based on the hunm:x::ky and ridg"e-like m::>rpho­
logy of the accurrrulations and their acoustic character (Figs. 14 and 
16). Especially, it is to be noted that the central outer part of 
BjØrn;tJyrenna and Storfjordrenna form a bathymetric hight of 50 m. 
These large-scale features can only be explained by glacial origin 
(Elverht>i & Solheim 1983a; Solheim & Kristoffersen 1984). 
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Fig. localities where stiff, pebbly mud has been 
are indicated in the lower part of 
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Fig. 16. Sparker lines shJwing till ridges west of Spitsbergenbanken. 
Fron Solhe:iJn & Kristoffersen (1984), 
pebbly nrudjglacianarine 
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Deposi tional mechanism 
The coarse grained and unsorted texture of the sediments is typical 
for till deposits. In areas shallower than 300 m, where the bedrock is 
close to the surface, the till is rrost likely a basal till derived 
fran the underlying rcx::ks . In the deeper parts, txJwever, the thicker 
sequences rnay also consist of glacianarine sediments (El verh;t>i & 
Solheim 1983a; Solheim & Kristoffersen 1984). 
Soft sediments 
General description 
The soft pebbly nrud is characterized by: 1) a blue-grey colour 
(except for the rorthernrrost areas), a gravel content of < 10%, shear 
strength values in the raI'VJe of 5-7 kPa (rneasured by fall-cone 
apperatus) and a water content of 35-50% (dry weight) ( Fig. 15, 17) . 
The clay rnineralogy of the sediments is close to that found in the 
clasts, and is characterized by: illite, rnixed-Iayer illite and 
srnectite, kaolinite, chlorite (Bjørlykke & Elverh;t>i 1975; Elverh;t>i & 
Bcmstad 1980; Forsberg 1983; Wensaas 1986). 
In rrost parts of the central and rorthern Barents Sea the soft 
pebbly nrud foITl'S a relatively unifonn layer of 2-5 m thickn.ess (Fig. 
17). In BjØmøyrenna the thickn.ess rnay increase to 15-20 m. Havever, 
this is only based on 3.5 kHz records southward fron Spitbergenbanken, 
and the interpretation is rot conclusi ve. 
The soft pebbly nrud rnay locally fonn 10-50 m thick accurnulations. 
The interpretation of ccrnposi tion is rnainly based on their acousti­
cally transparent character (Figs. 18 and 19), and 14C_dating of their 
upper parts of the accurnulations in Storfjordrenna and in Franz­
Victoriarenna shc:lws that the sediments pre-date the Holocene 
(El verh;t>i and Solheim 1983a). 
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Deposi tional mechanien 
The bimJdal textural canposi tion canbined wi th a unifonn cold water 
foraminiferal fauna strongly suggest deposition fran suspension 
canbined with ice raftin1 (ElverhØi & Banstad 1980; ElverhØi & Solheim 
1983a; ElverhØi 1984; Solheim et al., in press.) The sediments 
recovered in gravi ty cores show IX) clear signs of hiatuses, and 
apparently the sedirnents represent one depositional episode. 
The thick (10-50 m) accurnulations are suggested to represent ice­
p:roxirnal glacianarine deposits (Elverl1Øi & Solheim 1983a, b; Kristof­
fersen et al. 1984; Solheim et al. in press). The accurnulations in 
Storfjordrenna and in Franz-Victoriarenna are both found at app:roxi­
rnately the same water depth, around 300 m. The accurnulation on stor­
banken was previously interpreted to be a til! ridge (Elverl1Øi & 
Solheim 1983a; Kristoffersen et al. 1984). Recent studies show, 
lxMever, that this carplex rrore likely represents an ice marginal 
glacianarine deposit, fonned durin1 the latest stage of the withdrawal 
of the Late Weichselian ice sheet in the Barents Sea (Solheim et al. , 
in prep). 
Olaracteristic of these thick glacianarine sediments is rapid 
sedimentation, rnainly supported by settlin1 of sediment-loaded 
mel twater . Studies of recent glacianarine sediments in fjords on the 
west coast of Svalbard (see below) and outside cal vin1 glaeiers in 
Alaska show proxirnal deposi tional rates in the range of 10-500 an/year 
(ElverhØi et al. 1983; Powell 1984). Similar rates rnay also occur for 
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Fig. 17. Typical distribution of soft sediments in the oorthern 
Barents Sea (3.5 kHz data). Fran Solheim & El verhØi (1985). For 
location, see Fig. 1. 
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Fig. 19. 3.5 kHz (upper) and sparker (lower) records across 
acoustically transparent sediment aCC\.ID1Ulation on Storbanken. For 
location, see Fig. 1. Frau Solheim et al. (in press). 










ref!. time O 2km. 
30 
Surface sediment/Holocene sedimentation 
Fig. 20 shows the regional pattern of the present day surface sediment 
distribution. '!he Holocene and recent sediments consist of the 
follawing three elasses (for a summary of the surface sediment 
distribution, see ElverhØi & Solheim 1983e): 
- Sand/gravel, almost mud-free 
- Sandy /gravelly mud (diamieton) 
- Fine grained mud wi th < 5% gravel. 
Sand and grave l 
Sandy and gravelly sediments are localized on Spitsbergenbanken down 
to a water depth of 60-100 m. Locally coarse-grained sedirnents may 
also dorninate the sea-floor down to 300-400 m water depth on the 
southem slope of Spitsbergenbanken. On the shallower part of the bank 
earbonates, rnainly barnaeles and mol luse fragments, make up 80-90% of 
the sedirnents (Bjørlykke et al. 1978). Locally, pure biogenie sand is 
formed showing ripples. '!he earbonate deposits have only been cored 
through at one si te, shcMing a thickness of 0.5 m (El verhØi & Solheim 
1983b). '!he elastie material is a lag deposit formed from winnowing of 
Late Weiehselian glaeigenie deposits (Bjørlykke et al 1978). 
Sandy/gravelly mud 
Sandy/gravelly mud is the do:ninant sediment type in intermediate water 
depths. Around Spi tsbergenbanken the surface deposi ts are reliets of 
erosion/non-deposition and consist of Late Weiehselian glaeiomarine 
and till material. In the central Barents Sea east of Hopen, reliet 
glaeigenie sediments are also exposed on the sea-floor. Here, the 
HoloceJle sediments also contain > 5% gravel due to inereased sea-iee 
and ieeberg rafting (Forsberg 1983; El verhØi 1984). In the northem 
parts off Nordaustlandet, the sandy/gravelly mud is rrodern glacio­
marine deposits (Pfirrnan 1985; Solheim & Pfirrnan 1985). 
Fine grained mud 
'!here is a gradual decrease in grain size tawards deeper water, and in 
water depth > 250-300 m olive grey fine grained mud dorninates the 
surface sediments (Fig. 20). (It should be noted that the boundaries 
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are gradual, despi te the sharp appearance on the map) . 14 C-dating 
shows Holocene sed.i.Iæntation rates in the range of 3-5 an/lOOO year 
(ElverhØi & Solheim 1983a) 
 clay mineralogy of the fine grained sediments differs only 
slightly fram the Late Weichselian glacigenic deposits (Bjørlykke & 
Elve:rht>i 1975). lIofNever, in the I'X)rtheJ:n areas the content of 
snectite, I'X)t observed. in the underlying glacianarine deposits, 
suggest input by sea iee rafting (Forsberg 1983). 
Iran oxide crust 
In sane areas between 200-300 m water depth iron crust is frequently 
found on the sea-floor (Fig. 21)  crust consists of Fe(III ). ­
canented sandy/gravelly mud, and is original ly formed by diagenetic 
precipi tation of iren oxides beneath a cover of sediments which has 
later been rerroved by erosion (Forsberg 1983). The iron content of the 
crust varies fram 10-20%. For a further discussion of the crust see 
Forsberg (1983) and Ingri (1985) . 
General characteristics of the HolocenejMJdern sedimentation 
Mineralogical and textural analyses slxJw a close relationship between 
the Late Weichselian and Holocene sediments (Bjørlykke et al. 1978; 
El verhØi & Banstad 1980) leading to the idea of reworking of sediments 
fram shallower parts of the Barents Sea.  lack of mud canponents on 
Spitsbergenbanken strongly supports the cx:mcept of suhnarine 
reworking. 
 reworking on Spitsbergenbanken is related to the shallowness and 
the close position to the Oceanic Polar Front with mixing of cold 
Polar and wann Atlantic water masses (Bjørlykke et al. 1978). The 
present day conditions wi th hard tx:>t"tan fauna developed in Mid/Late 
Holocene, acco:rd.i.nJ to 14C_dating. They were probably a response to 
change in the reg-ional current pattern and to sane extent enhanced by 
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Fig. 20. Barents Sea surface sediment distribution. Frau ElverhØi 
(1984) . 
Photograph of iron-crust from the sea bottom (200-480 m water depth) southeast of 
Bjørnøya. White spots are carbonate producing organisms as foraminifera Il.S. 
Main element geochemistry of iron-crust at the sea-bottom (200-480 m 
water depth) south east of Bjørnøya. X-ray analyses showed only quartz. 
Analyses on FeIII/Fell showed 90%FefIl. 
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Fig. 21. Fron ElverhØi & Kristoffersen (1978). 
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Light scattering measurernents in the northern and central Barents 
Sea show a bottom nepheloid layer, reflecting the wide-scale process 
of resuspension (Pfirman 1985): 
- In water depth < 100 m, a rough seafloor surfaee is created by 
ieeberg gouging and the sediments are reworked by currents and 
wind-dri ven waves, leaving a lag deposi t. 
- Between 100 and 200 m, occasional stonn-generated waves, 
superimposed on the mean current, winnow the fine-grained 
material. 
- Mean currents are intensified in narrCM straits and alang the 
peripheries of basins , fonning a bottom nepheloid layer, 
associated with sea-floor winnowing or non-deposition. 
- Suspended sediments are advected clcMnstream wi th the mean 
currents and also down slope in bottom nepheloid layers. 
- Deposi tion of the resuspended fine-grained sediments occurs 
mainly in the interior of the numerous basins . 
Conclusi ve remarks 
The regional pattern and processes of rrodern sedimentation sean well 
established. HcMever, ITDre detailed kn:Jwledg"e is still lacking, for 
instanee on traj ectories for the suspended matter and the cxntribution 
fran various sources ; reworking, output fran glaeiers and sea ieel 
icebergs. Such knowledg"e is essential for a better understanding of 
the effects of pollution and how the pollutants are transported and 
deposited (Thanas et al. 1983). Sone of the problems concerning the 
sediment and pollutant transport processes could be sol ved by use of 
year round sediment traps canbined wi th studies of geochernical mass 
balance also including the bianass production. 
Sample density is low, especially in the northern regions, where 
there may be 10-30 km between individual samples. Thus, small scale 
variations will not be detected. FurtherITOre, geotechnical analyses 
are canpletely lacking. Bioturbation may be intensive in sone regions 
south of Hopen (ElverhØi & Banstad 1980), and the influence on the 
physical properties has not been studied. 
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Detailed understanding of the sedimentary environment throughout the 
Holocene is also relatively limited. Apparently there has been a 
change in the cu:rrent pattenl. The distribution of wann Atlantic water 
and cold Polar water is strongly controlled by the bathymetry (Pfirman 
1985). Due to glacioisostatic rebound, a shallawing of 60-100 m has 
taken p1ace in the central and northenl Barents Sea during the 
Holocene (Hoppe 1970; Salvigsen 1981). Additionally, the climate was 
warmer in earlier Holocene, and the relative effects of these 
(shallawing and warmer climate) are not Jrna.m. The stratigraphic 
resolution in Holocene sediments in the northenl Barents sea is poor, 
and studies so far have not been conclusive for interpretation of 
Holocene environmental changes. 
6. aJl'LINE OF '!HE CU\.TERNARY GLACIATICNS 
Pre Late Weichselian 
tvbst likely at least 30 glacial episodes have occurred on the northern 
hemisphere during the last 1.6 Ma (Shackleton & Opdyke 1977) . The 
general norphology of the Barents Sea, with till ridges and over­
deepened regions, e.g. south of Kong Karls Land, reflects repeated 
action of glacial erosion and deposition. In BjØrnøyrenna four major 
unconformi ties are identified, interpreted to reflect at 1east four 
major glacial expansions reaching the shelf edge (Solheim & Kristof­
fersen 1984). Glacial erratics in DSDP site 344, off westenl Svalbard, 
may indicate glacial oanditions at least in on-shore areas back to 
early Pliocene (Talwani et al. 1976). No datings are available, but 
extrapolating frem Holocene sedimentation rates, the last major 
expansion that reached the shelf edge occurred nore than 100 Ka BP. 
Quaternary material obtained during IKU' s shallaw drilling in 
Bjørnøyrenna in 1984 and 1985 is being studied, and hopefully these 
data will provide a better outline of the late Cenozoic glaciations. 
Late Weichselian 
The Late Weichselian glaciation is still a subject for controversy. 
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An extensive glaciation covering Svalbard and the Barents Sea, with a 
coalescence wi th the Scandinavian ice sheet has been r:ostulated 
(Denton & Hughes 1981). Its maximum extension is tentative ly placed at 
18 Ka BP. The oppJSi te rrodel is only a minor expansion of the present 
day Svalbard glaciers towards the end of the Late Weichselian, and in 
this minimum rrodel the Barents Sea is suggested to have remained ice 
free (Boul ton 1979). Essential for the discussion of an ice free 
Barents Sea have been high, undated beaches on Svalbard, especiallyon 
Kong Karls Land. Recent studies have, hcMever, shown that the high 
beaches are of Holocene age, strongly suggesting the existence of a 
more widespread glaciation in the eastem Svalbard and northern 
Barents Sea (Salvigsen 1981). 
Evidence for a "recent" glaciation in the Barents Sea is seen fran 
the thin sediment cover, < 5 m, in large regions. The sediments 
consist, as noted, of till overlain by glacianarine sediments with a 
thin top cover of Holocene mud. Such a sequence without apparent 
hiatuses strengl y reflects the presence of a grounded ice sheet 
followed by a period of glacianarine sedimentation during the 
deglaciation, grading into the present day sedimentary regime. 
The maximum extent of the Late Weichselian Barents Sea ice sheet is 
not known. Till ridges and glacianarine ice - proximal dep:>si ts 
indicate major stages during the retreat of an ice sheet covering 
Spitsbergenbanken and most of the northern Barents Sea (Fig. 22). 
lsotope stratigraphy (d 8) of the glacianarine sediments in the 
inner part of Bjørnøyrenna, but outside the outline of the mapped 
stages, indicates an age of 11,000 years BP at 2 m sediment depth. 
Total thickness of these sediments is 3-5 m, and it seems unlikely 
that the lower 1-3 m should represent almost the oomplete Weichselian. 
It is thus concluded that the ice margin extended farther out in 
Bjørnøyrenna during the Late Weichselian maximum (Solheim et al. in 
press, Johansen in prep. ) . 
The Late Weichselian ice sheet was grounded below sea level, and i ts 
stability was mainly controlled by the sea level (Thanas 1979). Rising 
sea level towards the end of the Late Weichselian would cause a rapid 
decay of the ice sheet (Paterson 1981). Datings of raised beaches on 
Svalbard indicate that the major withdrawal has taken place before 10 
Ka BP (Sal vigsen 1981), but exact timing still remains a problem. 
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studies of the timing and extent of the Late Weichselian glaciation 
are given high priority. Knowing its outline ld largely increase 
our understanding of sediment properties in the region. The outline of 
the ice sheet and i ts basal ternperature regime is essential for the 
discussion of processes of till deposition and subsea permafrost. 
Until OCM very few samples of the till deposits have been analyzed 
and no datings exist of this material. Sampling of the till rrrust be 
given priority. Their physical properties will be essential for 
engineering aspects in the northern Barents Sea. There is also a need 
for larger samples of the glacianarine sequence in Bjørnøyrenna to 
date i ts lONer part. Marine based ice sheets are very sensi ti ve to sea 
level variations. Thus, different ice sheet configurations, based on 
field observations, should be modelIed to see if they represent stable 
configurations. 
7. 	 SHORT stM1ARY OF SEDIMENl'S AND SEDIMENl'ARY ENVIRONMENTS OF FJORDS 
ON THE WEST CXlAST OF SVALBARD 
Sediments and sedimentary processes in Svalbard fjords have mainly 
been studied in Kongsfjorden with additional information fran other 
fjords along the west coast. Only high resolution equipnent has been 
applied and no information on bedrock and semi -oonsolidated sediments 
has been obtained. For a rrnre extensive discussion of the fjord 
sediments, see Elverhøi et al. 1980 and 1983 (Fig 23). 
In general the northern and western fjords of Svalbard have a 
blanket of 5-20 m acoustically transparent sediments consisting of 
soft lxm::>geneous IIU.ld wi th ice rafted clasts. Coarser sediments are 
located on sills, slopes and towards the fjord-heads. The main 
depositional process is settling fran the turbid sediment plume, 
ccmbined wi th various types of sediment gravi ty flow. Material 
deposi ted fran turbidi ty currents is probabl y of minor importance . 
On shallow sills the sediments are reworked by icebergs. Sedimentation 
rates in the outer fjords are in the range of 0.1-1.0 mm/year, 
increasing to 100 mm/year c10se to the cal ving icefronts. 
Surging is an important rrnde of glacier mJVement on Svalbard 
(LiestøI 1969), and advances up to 20 km in 1-2 years have taken 
place. During these events, sediment adjacent to the ice front is 
reworked and cx:mpacted. During the surge, considerable anounts of 
a::>arse-grained sediments are deposi ted in front of the iee margin 
(Solheim & Pfinnan 1985). 
Ccnclusive ranarks 
The high sedimentatian rates outside cal virYJ glaciers cause very soft 
sediments, where umercooso1idated conditions might be expected. 
However, geotechnica1 infonnation is sparse, and for a better 
undersfanding of the stabili ty and mass transport an fjord slopes, 
nore studies are needed, ocmbined wi th side sean sonar and high 
resolutian seismic. 
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Fig. 23. Diagram illustratirYJ sediment types and :Prosesses in a 
Spitsbergen fjord fed by a tidewaterglacier (based an data fran 
KOngsfjorden). From ElverhØi et al. (1983). 
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7. lCE3ERG S<llJR.I1.G 
lee caps in easten1 Svalbard and the larger valley glaciers 
tenninating in the sea may fonn 10-30 m high icewalls and be grounded 
to a depth of up to 70-100 m. calving is most intensive during the 
surrmer, and surging glaciers may produee a large mnnber of ieebergs 
during and smrt1y after surge periods. 
The ieebergs fran glaciers on Svalbard are camonly irregular in 
shape. However, tabular bergs have also been observed (Lundquist pers. 
COl1n. 1986). Assessed fran the height of Svalbard iee fronts, the size 
of observed ieebergs and observations of sea-floor morphology, the 
lower limit of m:xlern iceberg ploughing is approximately at 100 m 
water depth (Solheim & Elverh;t>i 1982; Solheim et al. , in press). 
Special studies of ieeberg ploughing have been limited, and extreme 
events wi th ploughing to a larger water depth may well occur ( Solheim 
et al. , in press) . Relict ieeberg plough marks are also frequentl y 
observed in water depths below 100 m, the deepest being at 450 m water 
depth in Bjørnøyrenna (Elverh;t>i & Solheim 1983b). 
During a local survey on the southern part of Storbanken, areas were 
found where up to 100% of the sea-floor was affected by ploughing 
(Solheim et al. , in press) ( Fig. 24). The dimensions of the plough 
marks sl'xJw a wide range of variation between two end mernbers, 
1) narrow straight marks, 15-30 m wide and up to severaI hundred 
metres longe Relief is typically 1-3 m; 2) wide, winding marks more 
than 100 m wide and with a relief of 2-5 m. Locally, same plough marks 
may have a relief of up to 8-9 m, and same may be traced up to 1-2 km. 
The depth of the plough marks is general ly limited by the thickness of 
soft glacianarine sediments. Fine grained sediment infill in the 
plough marks is mainly Holocene deposi ts. 
Conclusi ve remarks 
Investigations of plough marks in the Barents Sea have so far only 
been carried out in very limi ted areas sl'xJwing similar iee plough 
features as found for other parts of the Norwegian continental shelf. 
In the Barents Sea, however, both m:xlern and relict plough marks are 
present. Even though extensive research has been carried out in canada 
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and USA, it has not been possib1e to estab1ish diagnostie eriteria for 
differentiating the 1:YxJ types of ploughing. The best metlxxi is still 
repetitive mapping by side sean sonar, and such a prograrrme cou1d well 
be undertaken in a se1ected area in the northern Barents Sea. The 
problem is, hawever, that glaeier surging ereates anomalous 
conditions, and the effect of such events has to be rronitored. Large 
surges took place in 1875 and in 1938 (Solhelin & Pfinnan 1985). Surge 
conditions have to be ineluded in the ealculation of the" "worst-ease 
si tuation" . 
Fig. 24. Side sean sonar ITOsaie showing iceberg ploghing on 

Storbanken. Fran Solhelin et al. (in press.). 

For location see Fig. l. 
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Systernatic, specially designed investigatiens for shallCM gas have rot 
been carried out. All previous sparker data have been analyzed for gas 
indications under a NAVF-supported project, and regions wi th possible 
gas-related acoustic ananalies mapped (Solheim & Larsson 1987). 
HcM'ever, the data quality is rot adequate, and additionally, only 
regional coverage exist. 
Detailed surve ys by means of sparker, side sean sonar and 3. 5 kHz 
echo sounder have only been undertaken in limi ted areas as part of 
site surveys for shallCM rock core drilling. At ane of these sites a 
pxkmark field was encountered 50 km southeast of Hopen (Fig. 25). The 
pockmark features are small (10-20 m dianeter) and shallCM ( < 1 m 
deep), and they may cover up to 25% of the sea-floor in local areas 
(Solheim & Elver i 1985). The pockmarks are located in an area with 
fine grained mud, and are also observed concentrated in plough marks. 
The origin of pockmarks is rost likely ascending- gas. However, the 
thin sediment oover ( < 3-6 m), mainly consisting of glacigenic 
deposits with only reworked Mesozoic organic matter, excludes this 
sediment as a gas source in the area . If the origin of the pockmarks 
is gas related, then rost likely, the source is in the underlying 
Mesozoic rocks, which on Hopen include Triassic coaly shales. Similar 
rocks are also dredged in the area around the pockmark field. 
Conclusi ve rernarks 
ShallCM gas studies are CXl11lOnly a part of the risk analyses ahead of 
offsrore drilling operations. In the Barents Sea with limited sediment 
cover above bedrock and a probable petrogenic gas source, mapping of 
pxkmarks could also be useful for exploration purpJSes. Also, shallCM 
gas in the area \\O.lld nost likely exist in the upper bedrock, where 
pressure and thus risk may be higher. Until n:JW, high quali ty data for 
rore detailed studies of shallCM gas are missing , and priori ty srould 
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Fig. 25. Pockmarks southeast of Hopen. Fron Solheim & El verhØi (1985). 
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9. suæFA PERMAFlmT 
Introduction 
Offshore or subsea pennafrost is a relatively recent discovery, 
initial ly described from the Siberian arctic shelf 1953 (Are 1976). 
Widespread occurrence of frozen sediments in the Beaufort Sea was 
evident from drilling and seisnic surveys in the early seventies 
(Mackay 1972; Lewellen 1973, 1975; Hunter et al. 1976). 
Pennafrost is defined as materials or rocks wi th a ternperature belCM 
O
O c over a period of severaI years (Pewe 1974). In marine sediments 
with saline porewater and interstitial water, the brines cause 
depression of the freezing point (Harrison & Osterkamp 1982) . 
Salinities about 25% higher than that of nonnal sea-water have been 
observed. Camonly the ternperature in subsea soil is only slightly 
belCM freezing point, and subsea ice-bearing sediments are far less 
camon than in onshore regions with similar ternperature regimes. 
Subsea pennafrost has 50 far only been identified on shallCM « 60 
m) arctic shelves (Sellrnan & Hopkins 1984), fonned subaerially under 
cold surface condi tions in periods of laver sea level, e. g. the 
Quaternary glacial maxirna .  Transgression of cold Polar water has 
sealed off the pennafrost which is thus a relict feature . HCMeV er, 
pennafrost rnay fonn to a rninor extent also under present day 
conditions, where fresh water percolates close to ice-bonded 
sedirnents. This pennafrost can be regarded as an accretion type 
(O' Connor 1981). Maxirnurn depth of observed subsea pennafrost is about 
600-700 m, and the frozen sediments are mainly restricted to fresh 
water bearing coarse grained deposi ts. Fine grained marine sediments 
are nonnally not ice-bearing (Blasco 1984; Sellrnan & Hopkins 1984). 
Until rD.N the possibili ty of pennafrost in the Barents Sea has not 
been studied and no adequate data have 50 far been collected to make 
reliable tests. The present paper is the first atternpt to discuss the 
probabili ty of pennafrost in the Barents Sea, based on the Late 





The defini tion of permafrost is based on temperature alone (Pewe 
1974). Salt porewater and temperatures only slightly belCM d e  cause 
the subsea sediments to remain unfrozen. Offshore permafrost is, due 
to the dependence on saltcontent in the water phase, much rrore 
canplex than the onshJre equivalent, and the tenninology is rrore 
canplicated. In literature an permafrost or frozen soil, the fOllCMing 
tenns are applied (Sellman & Hopkins 1984): 
- Acoustic permafrost (APF), defined onl y fran acoustic 
character. 
-
bond wi th soil particles to cause a notieeable increase in 
strength properlies. 
- lee bonded; sediments containing iee that has sufficient 
- lee - bearing; l) a general tenn to indicate that ice can be 
expected to occur, or 2) indicating that iee quantity or 
bonding is not sufficient to influenee strength properties. 
The tenninology can further be extended by use of tenns like: well­
bonded, partially bonded and unbonded for sedirnents wi thout any 
apparent bonding . 
Distribution and origin 
Available and detailed literature on subsea permafrost is limited to 
North American high arctic shelves, and the fOllCMing is a surnnary of 
papers by Harrison & Osterkamp (1982); Osterkamp & Harrison (1982); 
Blasco (1984); Sellman & Hopkins (1984). 
Sea level lCMering during the Quaternary glacial maxima led to 
subaerial conditions of the shallCM arctic shelves. The shelves were 
exposed to cold surfaee conditions wi th developnent of permafrost. The 
fluvial drainage system extended across the shelf, eroding channels 
and depositing del taic sequences tCMards and on the shelf edge. The 
extension of the inland ice sheet anto the exposed shelf is not well 
known, but till ridges of Late Weichselian age are apparently 
identified beyond the present day coastline. However, considerable 
parts of the Beaufort shelf would still have remained subaerially 
exposed. 
In the Alaskan Beaufort Sea, three types of ice-bonded sediments are 
identified (Fig. 26). According to seisnic studies, boreh:>le and probe 
data, the general distribution is a patchy and irregular patteIn and 
is closely related to the geological history of the area (Sellman & 
Hopkins 1983). 
The shallCM, ice-bonded permafrost is obse:rved close to the sea­
floor and may extend several km off the shJre line. It is to be noted 
that shJreline erosion is fairly extensive in the area, up to 40 
m/year, and thus, onsOOre pennafrost areas are continuously 
transfonned to marine areas. 
The deep ice-bonded pe:rmafrost is identified at depths dcMn to 200 m 
belCM sea-floor, and the carrron pattern for thi.s type is rapidly 
increasing depth offshJre . 
The layered ice-bonded pe:rmafrost seems to be rather carrron when 
!TOre detailed data are avail able . 
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Fig. 26. Three subsea pe:rmafrost distribution patterns interpreted for 
the region studied in the Beaufort Sea: shallCM relict pe:rmafrost, 
deep relict pennafrost, and layered ice-bonded pennafrost. Fron Neave 





pennafrost is related to twoThe fonnation of the 
sedimentary processes: 
l) 	 River del tas where stratified sand, silt and clay have accurrrulated. 
Fresh water may penetrate the coarser beds, freeze, and 
additionally the fresh groundwater may freshen the saltwater, 
decreasing the freezing point of the brines. '!'his type of 
pennafrost is therefore mainly concentrated in ancient river 
valleys and denonstrates the importan.ce of knowledge of the 
geological setting and histo:ry of the area to interpret the 
distribution patte:rn. 
2) 	 Migrating barrier islands and shoals can leave a trail of newly 
formed pennafrost. 
In the Canadian sector , the fOllCMing three types or classifications 
are applied based on seismic reflection records: 
a) Hurmocky APF, associated wi th massive coarse grained sediments. 
b) Stratigraphically controlled APF, related to discrete layers of 
sediment that slxM variations in the ice content and bonding. 
c) MarginallY ice-bonded APF, associated wi th coarse grained layers 
within fine grained sedimentary sequences. 
The seismic character of these three types is discussed in the next 
section. 
The offshore pennafrost studies sa far have dem:>nstrated the need of 
integrated geological, geotechnical and geophysical studies. The 
apparently close relationship of pennafrost distribution to material 
canposition, depositional environment and groundwater flux, clearly 
states that understanding of the general geological setting is 
important for the applied studies. 
detection of sul:marine 
'!'his section deals wi th various surface geophysical methods for 
detection of sul:marine pennafrost. Borehole measurements have not been 
included. HCMever, it should be errphasized that borehole control is 
necessary for calibration of the geophysical results. The geophysical 
surveys are mainly used for regional reconnaissance purposes and to 
tie infannation from different wells. 
The drilling process, lxMever, may introduce effects on sone of the 
physical properties, e.g. terrperature and electrical resistivity that 
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cause errors in borehole measurements. In this respect, geophysical 
measurements may also be used as a supplementary check of in-situ 
measured values (Blasco pers. CCl1111 . 1986). 
Seismic methods 
Seismic velocities of frozen soil 
Soils and rocks containing water sh::M different seismic velocity below 
the freezing point frem that atxJve it. The largest increase in 
ccmpressional wave veloci ty frem unfrozen to frozen state occurs in 
unconsolidated sediments (Kanex Consul tants Ltd. & Geotechnical 
Resource Ltd. 1983). It shJuld be noted that there may be a 
distinction between ice-bearing permafrost and ice-bonded permafrost. 
As velocity enhancernent primarily depend.s on the bonding effect, small 
arrounts of ice, for instance observed during drilling, may produce no 
seismic velocity ananaly (Rogers & r-brack 1980). 
The increasing veloci ties wi th decreasing temperatures are 
illustrated in Figs 27a, b. The temperature, and hence the velocity 
changes need not be abrupt, but may pass through transi tional zones 
between frozen and rx::>n-frozen sediments (Fig. 27). Fig. lb, sh::Ming 
the differences between frozen and unfrozen state for different 
sediments, also sh::Ms that velocity information alone is not suffi­
cient. Because the velocity of the unfrozen state of one sediment type 
may overlap wi th the frozen state of another, scrne infonnation about 
sediment type is also necessary, particularly whether the sediment is 
fine-grained or coarse-grained (Rogers & r-brack 1980). 
Detailed infonnation on seismic veloci ties of frozen soil can be 
obtained through laboratory tests. 
'!he rrost cxmron techniques include resonance and pulse transmission. 
Apart frem wavelength differences, the latter methods are directly 
ccmparable to seismic travel time determinations . A canpression review 
of laboratory testing techniques is given by Kanex Consultants Ltd. & 
Geotechnical Resources Ltd. (1983). 
Unless resul ts frem laboratory tests or borehole measurements are 
available, the velocity division between ice-bonded and non-ice bond.ed 
sediments may be difficul t to establish. Various \<K)rkers have used 
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Fig. 27a. Velocity vercus temperature cw:ves fran laboratory 
observations, reported by King et al. (1982). Frau Neave & SeIlman 
(1984) . 
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Fig. 27b. Ccmpressional-wave veloci ties in unbonded( cross-hatched) and 
ice-bonded (slashed) materials. The data are fran Roethlisberger 
(1972) except t:hJse marked * and **, which were taken by the authors 
on five offshore islands near Prudhoe bay and near Point Barr<:M, 








different values for different areas .  Neave & Sellman (1984) used 2.0 
km/s as the cut-off velocity, while M:>rack & Rogers (1982) chose 2.5 
km/s. However, King (1984) published a set of theoretieal curves (Fig. 
28) re1ating' canpressional wave velocity, porosi ty and fraetian of ice 
in the pores of uncansolidated material. '!'his diagram gi ves a frame­
work for interpretatian, but should be extensively tested (Hunter 
1984) . 
O· Connor ( 1977 ) introduced the tenn "acoustie pennafrost" (APF) to 
deseribe pennafrost delineated an the basis of only sei smie 
techniques, rather than an the basis of ternperature conditians. 




















0.30 	 0.42 0,44 0,46 
Fig. 28. Theoretieal curves relating canpressiona1 wave ve1ocities, 
porosi ties, and fraetion of ice in the pores of uncansolidated 
material (after King, 1984). Fron Hunter (1984). 
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Sei smie refraetian 
'!'his is the nost widely used method for detectian of ice-bonded 
pennafrost. The usual configuration is unfrozen sediments above 
frozen, ice-bonded sediments. '!'his fully satisfies the requirements of 
standard seismie refractian techniques; a positive irnpedanee contrast 
and the refraetor being relatively continuous within the scale of the 
refraetian spread. Only the top of the pennafrost layer will be 
detected by seismie refraetian, as going fran a high velocity to a lCM 
velocity layer is by definitian not a refraetor (Dobrin 1976). 
Standard refraetion techniques for land work wi th geophones, and 
hamner or explosives as source have been used an barrier islands off 
Alaska (M:>rack & Rogers 1982). 
Rogers & M:>rack (1980) used an ai:rgun source and a 24 charmel, 480 m 
long' hydroph::>ne streamer to detect the top of the ice-bounded penna­
frost down to a maximum of 50 m belCM the sea-floor. '!'his type of 
refraetian shooting was oone underway, but to optimize signaljnoise 
ratio, the ship' s 8ng'ines were stopped during the 30 sec interval it 
took to shoot one spread. Reversed profiles were obtained by t.cMing an 
addi tional ai:rgun fran a skiff at the streamer end that is fired by 
the radio link (M:>rak & Rogers 1982). Fig. 29 shows a typieal data set 
for this type of refraetian measuranents. 
To obtain regional coverage in parts of the Beaufort Sea area, Neave 
& SeIlman (1984) used industry exploratian seismie data, smt fran 
ship or ice. As these data usually are processed for deeper targets, 
reprocessing of the upper part may be an advantage . To avoid costly 
processing, h::Mever, Neave & SeIlmann (1982) played back the upper 2 
seconds fran the field tapes with expanded gain and printed the data 
in variable area fonnat (Fig. 30). '!'his type of data may provide good 
regional coverage, but may also suffer fran effects that are avoided 
by use of specially designed pennafrost surveys. The ITOSt severe 
effects are the rather lCM resolutian of the deep seismie data, and 
the effect of dipping refraetors. The latter is avoided by shooting' 
reversed profiles, but may not be too severe even in single ended 
records if the dip is not too steep. A dip of 3% results in 5% 
velocity error and 2% error in depth dete:rmination. 
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Fig. 29. A seismie refraetion record fran the Beaufort Sea 	 transect 
0 0
line fran an area of the Kugmalli t trench between long. 134 and 132 W 
showing a deep, high-veloctiy, ice bonded permafrost layer. Fron 
Morack & Rodgers (1982). 
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Fig. 30. High velocity record showing clear exarnples of refractors. 
Fron Neave & Sellmann (1984). 
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Sei smie reflection 
The impedance contrasts ereated on the boundary fran unfrozen to 
frozen sediments also makes them a suitable target for continuous 
reflection profiling. Whereas refraetion measurements give velocityj 
depth information in diserete points, seismie reflection profiling may 
give a continuous coverage of the depth to the ice-bonded permafrost. 
With:>ut velocity information, l'nvever, acoustieally defined permafrost 
(APF) must be confinned by ties to borehole measurements. 
The most widely used data type is probably high resolution, single 
channel records. Based,on this type of information, Q'Connor (1977, 
1981 ) described three types of shallow APF fran the Beaufort Sea 
(Figs. 31a, b,e). '!'hese are also discussed by Blasco (1984). 
Hurnrocky APF have strong amplitude ananalies, (" bright spot"), 
I'X)rmal polari ty and exhibi t a charaeteristie hunm::x::ky shape. They are 
of ten associated wi th diffraetions at their ends . They vary in size 
fran a few tens of metres to severaI kilanetres, lateral ly, and may 
occur as sporadie "islands" or in elose proximi ty to one aI'X)ther. Eaeh 
maybe surrounded by zones of I'X) apparent permafrost. They are usually 
th:>ught to be limited in thiekness, but sane of the larger ones may be 
connected to deeper , thicker ice-bonded permafrost in depth. 
Stratigraphieally controlled APF (Fig. 31) is most of ten connected 
to the presence of coarse grained layers in a fine grained sequence. 
'!'he aetual permafrost boundary may lie al:xJve the reflector in fine 
grained sediments, but due to the lith:>logy, suffieiently high 
impedance con trast is I'X)t set up. Lateral lith:>logieal ehanges may 
enhanee or reduee the irnpedanee contrast , and the ref1eetor may 
disappear or inerease in strength along the line. 
Marginally ice-bond.ed APF (Fig. 31) occurs where the distribution of 
ice wi thin the sediments is so patehy that regional mapping of 
diserete oorizons is difficul t. This is earm::m for highly laminated 
fine grained strata. 
Again, it slx>uld be emphasized that in order to verify the nature of 
the reflectors mapped as APF, they need to be tied to well information 
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A) Hurrm:x::ky acoustically defined pennafrost (APF). 
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C) Typicall y seismie signature where shallow sediments are marginall y 
or parti al ly ice-bonded. 
Fig. 31. Different types of acoustic pennafrost. Fron Blasco (1984). 
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Electrical measurements 
As the electrical resistivity of a sediment is largely dependent upon 
the pore fluid, the resistivity increases dramatically from an 
unfrozen to a frozen sediment. The resisti vi ty ratio between frozen 
and unfrozen material is typicall y from 5: l to 10: l (Kanex Consul tants 
Ltd. & Geotechnical Resources Ltd. 1983), but may be as high as 100: l 
(Corwin 1983). The variation is dependent on the material and i ts 
temperature and pore fluid salini ty (Fig. 32). It is to be noted that 
the latter may exceed normal sea-water salini ty by 25% (Harrison & 
Osterkamp 1982) and further enhance the resisti vi ty contrast between 
thawed and frozen material. 
The most important advantage of electrical methods to seismic 
methods is that seismic refraction (which is the most widel y used 
method) onl y can detect the top of the permafrost layer, whereas the 
electrical methods can map both top and thickness of the permafrost. 
Also, it may be an al ternati ve method in areas where intersti tial, 
shallCM gas attenuates seismic signaIs. Resistivity values do not 
appear to be significantly affected by small amounts of interstitial 
gas (Corwin 1983). 
Resistivity values in the ground are usually measured from the 
surface by means of u..u different techniques: l) Gal vanic methods and 
2) electromagnetic induction methods. Basic principles and different 
measurements configurations can be found in rrost textbooks on geo­
physical prospecting (e.g. Telford et al. 1976). Corwin & Conti (1973) 
used vertical electrical sounding (VES) a galvanic measuring method in 
the Bering Sea. The electrode array was buil t into tCMed streamers and 
quick measurements could be made both on the sea surface and on the 
sea-floor, the latter method giving a sanewhat better resolution in 
the upper layers. The measurements were checked against well infor­
mation, and excellent fits were obtained. The resolving po.ver of the 
method also proved good, as a thin (2-3 m) layer of bonded permafrost 
was detected within a sequence of unbonded sediments. 
Electromagnetic induction has been widely used for mapping perma­
frost on land (Sartorelli & French 1982), but few reIX>rts exist from 
the lCM resisti vi ty marine environment. Ehrenband et al. (1983) did 
measurements from sea-ice in Prudhoe Bay. They were able to map top 
and bottaTI of deep ( 200-500 m) subsea permafrost in water depths 




500 m x 500 m square transmitter loop, SD the method does l'X)t sean 
convenient to use fran ships at the present stage. 
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Fig. 32. Conducti vi ty versus temperature . Fron Sartorelli & French 
(1982) • 
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of the methods in the Barents sea 
MJst of the reported studies have been conducted in waters off Alaska 
and northern Canada. Se far, no surveys designed for pennafrost 
studies have been carried out in the Barents Sea. Two main differences 
between the two areas are: 
- The Barents Sea is general ly deeper. 
- Sediment CDVer aOOve bedrock is considerabl y thinner in the 
Barents Sea, and locally missing. 
The latter difference is rrost likely the rrost important concerning 
methods for detection of subnarine pennafrost. 
'!'he majori ty of studies fran Canada and USA are on unli thified 
sediments, but King (1976) and Pandit & King (1979) have reported 
laooratory tests on sandstones , shales and limestones . These papers 
show that ooth velocity and resistivi ty in general show a marked 
difference between the frozen and unfrozen state. However, the changes 
appear to be functions of factors like porosi ty, shale content and 
pore fluid salini ty. Increasing shale content and decreasing porosi ty 
cause especiall y the velocity change to decrease , and for the tested 
shale samples, hardly any increase in canpressional velocity was 
recorded in going fran the thawed to the frozen state. Resisti vi ty 
changes are also small in shales. '!'hese effects are mainly thought to 
arise fran the fact that the pore fluid in the larger pore volt.nnes 
undergo the liquid - solid phase change first, while this change takes 
place at lower ternperatures for smaller pores. Increased salinity has 
similar effect. 
Due to the thin CDVer of unlithified sediments in the northern 
Barents Sea, pennafrost (if present) is likely to occur in sedimentary 
rocks '!'he problem of geophysical detection of pennafrost in shales is. 
mentioned aOOve. Another problem arises fran the fact that can­
pressional veloci ties ooth in the Barents Sea (Kristoffersen et al. 
1984) and in Svalbard sedimentary rocks (ElverhØi & Grønlie 1981) 
overlap with velocities of ice-bonded, unlithified sediments. Thus, 
seismie detection of subnarine pennafrost in these waters may be 
extremely difficul t if the transi tion to the frozen material occurs 
just (depending on seismie resolution) aOOve or below the boundary to 
the sedimentary rocks .  Furthenrore, a recorded high velocity layer may 
need to be tested by drilling or another method to state whether it 
represents ice-oonded pennafrost or just the top of the sedimentary 
bedrock . 
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'!he only way to approach these problems will be to design special 
suhnarine perrnafrost surveys in Svalbard waters. Detailed geophysical 
measurements and sampling along profiles running offshore fron the 
shoreline in areas of present ly existing onshore perrnafrost should be 
undertaken. 
Perrnafrost in the Barents sea - a discussion 
Physical setting and geological history of the Barents Sea differ 
strongly fron what have been found for the typical high arctic 
perrnafrost shel ves. The basic elements in subsea perrnafrost formation 
can thus be SI.lI111larized: 
- l) Perrnafrost is fonned subaerially. 
- 2) '!he perrnafrost is preserved due to transgression of cold, 
Polar water, inhibi ting sediment thaw. 
Late Pleistocene and Holocene history of the Barents Sea and probable 
conditions for fonmation of perrnafrost 
As discussed previousl y, the Barents Sea and i ts islands have rrost 
likely been covered by grounded ice during the Late Weichselian, and 
the deposition of glacianarine sedi.Irents a'OOve the till denonstrates 
only subglacial and suhnarine conditions. The ice extent across Spits­
bergenbanken is, however, only tentative ly outlined, and Bjørnøya may 
have, similar to the west coast of Svalbard, remained ice free during 
the Late Weichselian (Salvigsen & Østerholm 1982; Elverhøi & Solheim 
1983a). In case of ice free conditions on Bjørnøya and its surrounding 
areas, perrnafrost may well have developed. However, so far no hard 
evidence for ice free condi tions has been presented, and the sediment 
distributian in the offshore regions indicates glacial cover. 
Subaerial exposure of present day shelf areas is, however, likely to 
have occurred on the western as well as the northern Svalbard shelf 
(Fig. 33). During the Late Weichselian the glaeier margin was signifi­
cantly beyond that of today, but rrost likely confined within the 
present day coast line (Sal vigsen pers. ccmn.; Mangerud pers. ccmn. 
1986). On the northern shelf the northernrrost islands like Sjuøyane 
were also ice free ( Sal vigsen & Nydal 1981) . Applying a simple 
estimate of sea level lowering of 130 m and ignoring isostatie effects 
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of inland glaciations ( "forebulge" ) , several bank-areas along the 
western and northern coast VOlld have emerged, and permafrost may have 
developed similarly to what is found on land today. 
Permafrost conditions may also exist at the base of a glacier. 
Ternperature measurements at the base of the Greenland ice sheet sh:Jwed 
° 
-13 C (Herron & Langway 1979). As on dry land, pennafrost will extend 
d::Mnward into the sedim:mts or :rocks .  The ternperature canditions at 
the base of the Late Weichselian ice sheet in the Svalbard and Barents 
Sea region are unknown. The existence of well preserved pre Late 
Weichselian raised beaches indicates, hJwever, that the ternperature 
may have been below pressure melting IX>int (Salvigsen pers. ccmn.). 
The extensive glacianarine deIX>Sits suggested to represent ice 
marginal features are on the other hand indicating pressure mel ting 
IX>int canditions in the marine areas. On Svalbard today the larger 
glaciers are all at their pressure mel ting IX>ints in their higher and 
thicker parts. During the Late Weichselian wi th a lower ternperature, 
the glaciers may have been "coIder", but so far no adequate data are 
available. 
Stratigraphically, permafrost in the Barents Sea, in the fjords and 
at the shelf north and west off Svalbard, has to be confined to the 
pre Late Weichselian sedi.ments. After this, the sediments 
were detx>5ited in equilibrium wi th their present day environment. In 
the Barents Sea the pennafrost, if present, wil! be confined to the 
very thin layer of til! and its underlying bedrock . 
On the northern and western shelf, very limited infonnation exists 
on the sediment thickness and cx:mposi tion above bedrock .  In the 
fjords, only the upper, soft deIX>sits are mapped, and the boundary 
between sedim:mts and bedrock is lX)t krxJwn. In these areas permafrost 
may exist in sedim:mts as well as in bedrock .  
Preservation IX>tential 
° 
Transgression of water masses wi th ternperatures above 0 C causes the 
sediments to thaw as the ground gets gradually warmer. 
Except for areas in the lX)rthern Barents Sea (Fig. 33) relatively 
° 
wann Atlantic or Atlantic influenced water wi th ternperatures above 0 C 
dcminates 1:x:>ttan currents at least for sone parts of the year. 
Pennafrost fonned under the Late Weichselian sea level lowstand sl"nlld 
consequently have disappeared during the 10,000 years of Holocene 
"wann" water influence. 
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As shcMn in Fig. 6 freezing temperatures prevail for considerable 
parts of the northern Barents Sea, creating favourable conditions for 
pennafrost preservation. Concerning the existence of pennafrost, the 
 fOllCMing problems have to be dealt with: 
- The Holocene palaeoceanography and the possibili ties of a 
northward migration of the oceanic Polar front and intIUsion 
of "wann" Atlantic water into the northern Barents Sea in 
early and mid Holocene (see page 35). 
- The basal temperature conditions of the grounded Late 
Weichselian ice sheet in the area . 
The Holocene palaeoceanography is only sparsely studied, and 
biostratigraphical studies se far have not been able to conclude on 
whether present day conditions have prevailed or if there has been a 
different current system. However, the close relationship between 
water mass distribution and bathymetry may indicate a different 
current pattern in early Holocene with a significant (approximately 
100 m) deeper northern Barents Sea due to glacio-isostatic depression. 
'!he basal temperature conditions of the ice sheet are far IIDre can­
plicated to study. In the literature very few references to subg"lacial 
palaeotemperatures exist, and they are largel y limi ted to terrestrial 
glaciations, based on detailed IIDrphological studies (Sugden 1978) . 
'!'hese results can not easily be applied to the very regionally spread 
IIDrphological information fran the Barents Sea. 
Conclusive remarks 
The Barents Sea differs strongly fran the typical high arctic 
permafrost shelf for a number of reasons: 
- '!he Barents Sea is al..Irost 10 times deeper than other high 
arctic shelves, and except for shallCM parts along the western 
and northern coast of Svalbard, the Barents Sea and its 
adjacent areas have not been subaerially exposed during the 
Weichselian eustatic sea level lCMering, which could have 
caused permafrost developnent. 
- Permafrost may have developed under the grounded Late 
62 
Weichselian iee sheet which covered the region. Hc:Mever, 00 
data are available on this topic and the problem remains 
unsolved. 
- In other high arctic shel ves the pennafrost is prese:rved due 
to transgression of cold Polar water. Such oonditions are only 
found in the deeper parts of the Barents Sea, i. e. areas which 
have experienced su1:marine or subglacial condi tions. Exeept 
for the western parts of Spi tsbergenbanken and the region 
surrounding Bjørnøya, wann Atlantic water has transgressed 
areas which may have been subaerially exposed during 
Weichselian sea level low stands. 
- In the Barents Sea rrost of the sediments above the bedrock are 
marine deposi ts (Holocene and Late Weichselian) , providing 
unfavourable conditions for pennafrost developnent. If penna­
frost is present , it is probably localized in the bedrock. 
- Detection of pennafrost in rocks is canplicated by the fact 
that in low-porosi ty rocks which are typical of the rorthern 
Barents Sea, the iee content has only marginal influence on 
the physical properties of the rocks Thus, standard geo­. 
physical methods for detectien of pennafrost in unl.i thified 
sediments may rot be adequate. Drilling and rock tests will be 
the rrost favourable methJd and these detailed studies may, 
later be extended by geophysical sw:veys which are specially 
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The appendices show available shallow geological and geophysical 
data in the nJrthern Barents Sea. In appendix 3B conducted analyses on 




Appendix lA - Sparker lines 1971-1985 3 

Appendix ID Survey in Erik Eriksenstredet 1984 and 1985 9 

Appendix lB - Sparker lines 1971-1985 (with indices) 5 

Appendix le - 3.5 kHz PDR & Side sean sonar lines 7 

-
Appendix LA - Bottan samples 11 

Appendix 3A - Station data for sediment sampling 13 






,: __ ..... -n 
.... 
1__ >"",,,-L_ -.!:- r:l   "'I 
I 
'I " ....... --.... 
 
__ _ 
__ ,. -' 
--
)t;��"",:,-::,jt::�:::-;�:t-:-:--"'""'F::-i-�d:-/-i-"':;�"'::� 
' .1 " 
_ _  
, 
- ----
.... ,  
. ' .  + 
I u ..... 
" . 
...  







.. .... ; I ........ 
I
- ----I "'"  I I I 
- ,
.... ' \ 
.L ., _  .... __ I -
.... '" I .... I I 
....







... lO • 
•.... " "I."II"'I 
, . . u. u. " ' .. ... . 
.... 



























.J - - t- " ....I 














 >1 . ....I 
 ........I 




































 I l-r _1- , 
.... I " -
 -........I 	 .... - -- ; - ..... ,,- r - - --I.. > 'I:'-
 ,- ,






.... .... ,....- "' - -,1 
 'II









 I.... IlI 














" _ .J 
.... " I 
 , , ........ 
 .....'1 .... I 



















-...., - _I 
.... 
-....... --.... .... .... .... 
_L ..... _ ...... -....I 

.... .... .... .... .... .... 
+ ".0 .... 
....+.  
l,::.,
,I : ' 
.... .... .... 
NORSK POLARINSTITUTT 
. 	 U.I .... Il. u. 	 H' 




















la·O J 2 O l6 O 40.0 44.0 


























_ �,._ L ­
'\ , 
_ NP014�O'.''-
. .... ..... .
� 
t· + ••• � .. :� I � 























8 ! I� 




" o la .0 .2 o ... 6. o 
1q;Jpendix lB - Sparker lines 1971-1985 (with iOOices) 

u., 
.. . . .... ...  
.. .. 
... . 
.". 1''' ..... 
\l.'... 11·' Il.' Il.' u. 
.. . 
... 











u • ... . 
3.5 kHz PDR & Side sean scnar lines PDR 1981-1983 












Appendix 10 - Survey in Erik Eriksenstredet 1984 and 1985 
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TASLE 11.. STATION DATA FOR SEDIMENT SAMPLING. (NP71-CORE:STDT) 
NORSK POLARINSTITUTT. 1971. 
POSITION STATION WATER SAMPLE SOTTOM CORE- WATER SUSP 
NORTH EAST ID./NO. DEPTH TYPE PHOTO LENGTH SAMPLES 
OF SAMPL. (m) (m) 
574.233 19.100 NP71-1 
74.206 19.333 NP71-2 
74.050 19.708 NP71-3 
74.050 21.116 NP71-4/2 
74.041 21.666 NP71-5 
74.001 22.066 NP71-6 
74.075 22.620 NP71-7 
74.088 23.933 NP71-8/2 
74.063 25.546 NP71-9/2 
74.038 25.750 NP71-10 
74.336 25.850 NP71-11/2 


















1/674.355 24.216 NP71-13/2 
74.341 23.550 NP71-14/2 
74.385 22.758 NP71-15 
74.378 22.083 NP71-16 
74.340 21.433 NP71-17 
74.350 20.848 NP71-18/3 














74.383 19.716 NP71-20/2 5/6 
5/6 X74.528 19.750 NP71-21/3 
74.513 20.053 NP71-22/2 5/6 X 
X74.513 20.916 NP71-23/3 90 5/6 
1.0X21.683 NP71-24/2 159 1/6 
74.503 22.516 NP71-25/3 
74.515 23.565 NP71-26 
74.533 24.608 NP71-2712 
74.558 25.766 NP71-28/2 
74.661 25.741 NP71-29/2 
74.641 25.066 NP71-30/2 
74.640 24.125 NP71-31/2 
74.638 23.233 NP71-32 
74.610 23.041 NP71-33 
74.591 19.058 NP71-34 
74.493 18.505 NP71-35/2 
74.606 18.058 NP71-36/3 









































674.725 19.731 NP71-38 X 
74.696 20.366 NP71-39 6 X 
74.633 21.000 NP71-40 
74.580 21.483 NP71-41/2 
74.780 22.050 NP71-42/3 
74.825 21.466 NP71-43/2 











74.891 19.866 NP71-45/2 5/6 X 
150 X5/674.855 18.750 NP71-47/3 
1.0254 1/674.781 17.958 NP71-48/2 
236 5/674.893 17.566 NP71-49/2 
X5/674.971 18.300 NP71-50/2 
X5/675.003 18.786 NP71-51/2 








NORTH EAST ID. /NO. 
OF SAMPL. 
75.051 20.183 NP71-53/2 
75.053 20.133 NP71-54 
75.048 20.966 NP71-55 
75.023 21.716 NP71-56 
74.988 22.466 NP71-57/2 
75.098 22.933 NP71-58 
75.196 23.391 NP71-59 
75.230 22.383 NP71-60 
75.246 21.716 NP71-61 
75.221 20.998 NP71-62 
75.203 20.083 NP71-63 
75.173 19.175 NP71-64 
675.130 18.450 NP71-65 
610575.081 17.800 NP71-66 
X68675.283 17.941 NP71-67 
X675.298 18.691 NP71-68 
75.208 18.966 NP71-69 
75.345 19.531 NP71-70/2 
75.401 20.600 NP71-71/2 
75.438 21.483 NP71-72/2 
75.443 22.216 NP71-73/2 
75.455 22.916 NP71-74/4 
75.446 23.700 NP71-75/2 
75.441 24.450 NP71-76/2 
75.615 24.315 NP71-77 /2 
















































5/675.700 24.133 NP71-79/3 
75.650 23.266 NP71-80/2 
75.658 22.391 NP71-81/2 
75.635 21.591 NP71-82/2 
75.646 21.133 NP71-83 
75.580 20.898 NP71-84/2 
75.540 20.040 NP71-85/2 
75.508 19.150 NP71-86 
75.438 18.450 NP71-87 
75.440 17.816 NP71-88 
75.496 17.350 NP71-89 
75.568 18.390 NP71-90 
75.630 19.301 NP71-9112 
75.696 20.123 NP71-92/2 
75.766 20.875 NP71-93/2 
75.810 21.616 NP71-94/2 
75.816 21.225 NP71-95 
75.863 22.300 NP71-96/2 
75.903 23.000 NP71-97/2 












































































X5/675.986 24.541 NP71-99/2 
76.186 25.100 NP71-100 72 6 X 
76.300 24.695 NP71-101 56 5 X 
76.241 24.033 NP71-102/2 55 5/6 
76.188 23.373 NP71-103/2 42 5/6 
76.116 22.750 NP71-104/3 43 5/6 
76.058 22.100 NP71-105/2 58 5/6 X 




NORTH EAST ID. /NO. 
OF SAMPL. 
76.208 22.033 NP71-107/2 
76.375 22.603 NP71-108/2 
76.450 23.200 NP71-109/2 
76.400 23.866 NP71-110/2 
76.403 24.481 NP71-111/3 
76.530 24.450 NP71-112/2 
76.463 23.816 NP71-113/2 
76.545 23.241 NP71-114/2 
76.458 22.583 NP71-115/2 
76.396 21.983 NP71-116/2 
76.248 22.000 NP71-117/2 
76.183 21.450 NP71-118/2 
76.110 20.775 NP71-119/2 
75.915 20.883 NP71-120/2 
75.801 20.766 NP71-121 
75.338 23.770 NP71-122/2 
75.886 20.166 NP71-123/3 
75.826 19.448 NP71-124 
75.758 18.583 NP71-125 
75.670 17.665 NP71-126 
75.603 16.891 NP71-127 
75.751 16.650 NP71-128 
75.830 17.725 NP71-129/2 
75.916 18.741 NP71-130/3 
75.990 19.516 NP71-131/2 
76.081 20.216 NP71-132/3 
76.168 20.181 NP71-133/2 
76.275 20.791 NP71-134/2 
76.425 20.723 NP71-135/2 
76.553 20.726 NP71-136/2 
76.681 20.851 NP71-137/2 
76.706 20.173 NP71-138/2 
76.550 20.233 NP71-139/2 
76.413 20.148 NP71-140 
76.295 20.175 NP71-141 
76.198 19.575 NP71-142 
76.435 19.596 NP71-143 
76.630 19.600 NP71-144 
76.581 18.958 NP71-145/2 
76.321 18.966 NP71-146 
76.103 18.883 NP71-147 
76.013 18.083 NP71-148/2 
76.201 18.300 NP71-149 
76.431 18.400 NP71-150 
76.630 18.316 NP71-151 
76.428 17.796 NP71-152 
76.298 17.665 NP71-153 
76.100 17.433 NP71-154 
75.923 17.111 NP71-155 




















































































































































































76.033 18.583 NP71-157 1.01 
1.0128076.186 16.758 NP71-158 
5/611276.393 17.133 NP71-159/2 
81376.500 17.133 NP71-160 



















































































TABLE 2A. 	 STATION DATA FOR SEDIMENT SAMPLING. (NP77-CORE:STDT) 













































POSITION STATION WATER SAMPLE BOTTOM CORE- WATER SUSP 
NORTH EAST ID. /NO. DEPTH TYPE PHOTO LENGTH SAMPLES 
OF SAMPL. (m) (m) 
74.048 20.876 NP77-32 5 
74.069 20.870 NP77-33 5 
74.192 20.785 NP77-34 5 
74.122 21.083 NP77-35 1 
74.021 21.156 NP77-36 5 
73.977 21.164 NP77-37 1/5 
73.830 21.252 NP77-38 1 
73.809 21.253 NP77-39 1 
73.995 21. 415 NP77-40 5 
74.133 21.345 NP77-41 5 
74.183 21. 317 NP77-42 5 
74.288 20.911 NP77-43 5 
74.333 20.783 NP77-44 1 
74.721 18.875 NP77-45 5 
74.870 18.700 NP77-46 5 
74.799 18.224 NP77-47 1 
74.737 18.084 NP77-48 1 
74.843 17.833 NP77-49 1 
74.695 17.230 NP77-50 5 
74.863 17.244 NP77-51 1 
74.931 16.610 NP77-52 5 
74.931 16.728 NP77-53 5 
74.859 16.114 NP77-54 1 
73.959 21.697 NP77-55 5 
73.975 22.506 NP77-56 5 
73.206 23.252 NP77-57 5 
73.165 23.450 NP77-58 5 
TABLE 3A. STATION DATA FOR SEIMENT SAMPLING. (NP80-CORE:STDT) 
NORSK POLARINSTITUT. 1980. 
POSITION STATION WATER SAMPLE BOTTOM CORE- WATER SUSP 
NORTH EAST ID. /NO. DEPTH TYPE PHOTO LENGTH SAMPLES 
OF SAMPL. (m) (m) 
71.611 16.657 NP80-l/2 350 1/4 X 
72.546 17.283 NP80-2/2 350 6 X 
73.192 23.285 NP80-3/2 350 4 X 
73.280 24.061 NP80-4/2 400 1 X 2.3 X 
74.194 27.516 NP80-5/2 410 1 X 1.6 
74.656 28.116 NP80-6/3 365 1/4 X 1.0 X 
75.318 29.024 NP80-7/3 335 1/4 X 1.4 
75.419 28.498 NP80-8/3 315 1/4 X 1.0 
75.474 27.990 NP80-9/4 265 1/4/6 X 1.0 
75.565 27.512 NP80-10/3 225 1/4 X 2.1 
75.739 26.363 NP80-11/3 125 1/4 X 0.4 
75.827 25.944 NP80-12/2 110 1/4 X 0.5 X 
75.575 30.009 NP80-13/3 450 1/4 X 1.3 X 
75.837 30.076 NP80-14/3 310 1/4 X 1.6 X 
76.091 29.986 NP80-15/2 310 1/4 · X  2.0 
76.322 30.013 NP80-16/3 280 1/4 X 2.1 X X 
76.581 29.941 NP80-17/2 280 1/4 X 0.8 
19 
POSITION STATION 
NORTH EAST ID. /NO. 
OF SAMPL. 
76.842 30.007 NP80-18/3 
77 .009 30.028 NP80-19/3 
76.984 25.472 NP80-20/3 
77.044 26.601 NP80-21/3 
77.042 27.309 NP80-22/3 
77.024 28.027 NP80-23/3 
77.024 29.016 NP80-24/3 
77.242 30.050 NP80-25/3 
77.501 30.025 NP80-26/3 
77.742 30.020 NP80-27/2 
77.994 30.033 NP80-28/2 
78.032 28.748 NP80-29/2 
78.034 27.686 NP80-30/3 
78.025 26.430 NP80-31/3 
78.017 25.446 NP80-32/3 
78.015 24.361 NP80-33/3 
78.585 22.057 NP80-34 
78.615 22.842 NP80-35 
78.706 23.664 NP80-36/2 
78.745 24.443 NP80-37/2 
78.784 25.392 NP80-38/2 
78.857 26.163 NP80-39/2 
78.911 26.835 NP80-40 
78.993 28.103 NP80-41 
79.021 29.150 NP80-42/2 
78.844 29.966 NP80-43 
78.821 30.005 NP80-44/2 
78.738 30.043 NP80-45 
78.649 29.797 NP80-46 
78.591 29.963 NP80-47 
78.481 29.976 NP80-48/3 
78.309 30.002 NP80-49/2 
78.153 30.033 NP80-50/3 
78.000 31.096 NP80-51/3 
77.994 32.050 NP80-52/3 
78.002 32.965 NP80-53/2 
78.002 34.438 NP80-54/3 
78.211 34.486 NP80-55/3 
78.384 34.540 NP80-56/3 
78.579 34.419 NP80-57/3 
78.804 34.511 NP80-58/2 
79.010 34.552 NP80-59/3 
79.010 33.367 NP80-60/3 
79.034 33.248 NP80-61/2 
79.002 30.994 NP80-62/4 
79.031 29.924 NP80-63/3 
79.263 29.885 NP80-64/3 
79.182 30.510 NP80-65/3 
79.151 23.657 NP80-66/2 
79.104 23.683 NP80-67 
79.006 23.674 NP80-69 
78.873 24.014 NP80-71 
79.405 29.982 NP80-84/3 
79.571 30.040 NP80-85/2 
































































































































































































































































NORTH EAST ID./NO. 
OF SAMPL. 
79.991 30.105 NP80-87/2 
80.179 30.019 NP80-88/3 
80.349 30.351 NP80-89/3 
80.496 30.481 NP80-90/3 
80.675 30.237 NP80-91/3 
80.653 32.052 NP80-92/4 
80.500 32.068 NP80-93/4 
80.425 32.030 NP80-94 
80.336 32.094 NP80-95 
80.312 32.408 NP80-96 
80.344 32.988 NP80-97 
80.363 33.140 NP80-98 
80.500 33.006 NP80-99 
80.666 32.967 NP80-100 
80.808 33.054 NP80-101/3 
80.811 33.329 NP80-102/3 
80.808 34.278 NP80-103/3 
80.730 34.527 NP80-104/2 
80.578 34.847 NP80-105/3 
80.525 34.060 NP80-106/3 
80.417 33.946 NP80-107/4 
80.362 34.757 NP80-108/2 
80.216 34.005 NP80-109/4 
80.115 34.695 NP80-110/2 
80.139 34.439 NP80-111/2 
79.988 34.098 NP80-112/2 
79.834 34.483 NP80-113/3 
79.651 34.560 NP80-114/3 
79.507 34.490 NP80-115/3 
79.335 34.553 NP80-116/3 
79.161 34.506 NP80-117/3 
79.510 33.616 NP80-118/3 
79.499 33.534 NP80-119/3 
79.506 31.529 NP80-120/3 
79.486 30.590 NP80-121/3 
4 X 	 X79.510 30.300 NP80-122 
79.503 30.115 NP80-123/2 
79.516 29.249 NP80-124/3 
79.525 28.341 NP80-125/2 
79.500 27.854 NP80-126/3 
79.490 26.969 NP80-127/3 
80.021 29.502 NP80-128/2 
79.996 30.565 NP80-130 
79.998 31.286 NP80-131/3 
79.006 32.972 NP80-132/2 
77.830 34.480 NP80-133/3 
77.675 34.492 NP80-134/3 
77.499 34.504 NP80-135/2 
77.337 34.503 NP80-136/2 
77 .260 34.509 NP80-137/2 
77.000 34.516 NP80-138/2 
74.866 33.141 NP80-140/14 
73.676 28.003 NP80-141 
































































































































































































1/4 X 1.1 
1/4 X 0.9 
1/4 X 0.7 
1/4 X 0.8 
1 X 0.6 
4 X 
1/4 X 0.3 
4 X 
1/4 X 0.4 
1/4 X 0.6 
1/4 X 0.7 
1/6 X 0.7 
1/6 X 0.3 
1/2 X 1.6 
1 X 1.7 
1 X 2.3 












73.000 28.020 NP80-143 1 X 2.2 
21 
POSITION STATION WATER SAMPLE BOTTOM CORE- WATER SUSP 
NORTH EAST ID. /NO. DEPTH TYPE PHOTO LENGTH SAMPLES 
OF SAMPL. (m) (m) 
72.669 28.025 NP80-144 330 1 X 2.4 
72.339 28.006 NP80-145 285 1 X 2.5 
72.007 27.998 NP80-146 290 1 X 0.6 
71. 527 23.034 NP80-147 420 1 X 
71. 339 22.659 NP80-148 420 1 X 
TABLE 4A. STATION DATA FOR SEDIMENT SAMPLING. (NP81-CORE:STDT) 
BOTTOM CORE- WATER SUSP 









78.945 12.000 NP81-101 
78.938 12.050 NP81-102 
78.933 12.083 NP81-103 
78.923 12.150 NP81-104 
78.911 12.241 NP81-105 
78.905 12.288 NP81-106 
78.900 12.366 NP81-107 
78.901 12.400 NP81-108 
78.903 12.416 NP81-109 
78.883 12.516 NP81-110 
78.921 12.433 NP81-111 
78.940 12.433 NP81-112 
78.961 11.916 NP81-113 
78.976 11.800 NP81-114 
79.040 11.700 NP81-115 
79.038 11.683 NP81-116 
79.025 11.600 NP81-117 
79.010 11. 500 NP81-118 
79.036 11.250 NP81-119 
79.040 11.166 NP81-120 
79.038 10.933 NP81-121 
79.136 23.579 NP81-136/2 
79.150 23.580 NP81-137/3 
79.136 23.511 NP81-138/3 
79.172 23.558 NP81-139 
79.183 23.554 NP81-140/2 
79.194 23.560 NP81-141 
79.810 34.602 NP81-186 
79.187 22.928 NP81-216/2 







































































































TASLE 5A. STATION DATA FOR SEDIMENT SAMPLING. (NP82-CORE:STDT) 
NORSK POLARINSTITUTT. 1982. 
POSITION STATION WATER SAMPLE SOTTOM CORE- WATER 
NORTH EAST ID./NO. DEPTH TYPE PHOTO LENGTH SAMPLES 







































































X X1.7X1NP82-234/279.162 23.732 
1.1 X X106 1NP82-23579.150 23.620 
NP82-23679.114 23.494 X X1 
1.1 X105 1NP82-23779.040 23.548 
NP82-23879.195 24.038 1 X 
0.487 1 XNP82-23979.164 23.914 
59 2NP82-24079.229 22.938 
X X0.557 2NP82-24179.220 22.892 
X X1/2 XNP82-242/279.215 22.743 
X XXNP82-24379.184 23.273 
79.147 20.558 NP82-246 
79.117 20.055 NP82-251 
78.921 22.174 NP82-253 
78.862 22.514 NP82-254 
83 X 
119 1 X 
124 1 0.8 
127 X 
X78.530 23.125 NP82-256 
29NP82-257 X78.338 23.388 
XNP82-25878.377 22.918 














































































































NORTH EAST ID./NO. 
OF SAMPL. 
78.898 23.735 NP82-320 














































1.1279.254 22.754 NP82-323/2 
0.6279.242 22.797 NP82-324 
279.241 22.823 NP82-325 
1.724579.245 22.804 NP82-326 












































































NORTH EAST ID./NO. 
OF SAMPL. 
74.493 20.050 NP83-1 
75.321 22.440 NP83-2/3 
75.748 21.716 NP83-3 
76.110 23.573 NP83-4 
76.161 23.791 NP83-5/2 
76.120 23.320 NP83-6/3 
76.023 25.996 NP83-8 
76.006 26.525 NP83-9 
75.966 27.516 NP83-11 
75.950 28.333 NP83-12 
75.633 27.750 NP83-13 
75.685 29.540 NP83-15 
75.663 31. 325 NP83-16 
75.650 34.300 NP83-19 
75.558 34.233 NP83-20 
75.733 34.383 NP83-21/2 
76.825 34.043 NP83-23/4 
76.735 34.020 NP83-24/3 
77.001 33.811 NP83-25/2 
79.191 23.976 NP83-26/2 





































































WATERBOTTOM CORE-WATER SAMPLEPOSITION STATION 
SAMPLESLENGTHTYPE PHOTOID. /NO. DEPTHNORTH EAST 
OF SAMPL. (ml(ml 
NP83-3979.221 22.771 2 0.5 
NP83-4079.213 22.781 
NP83-41/378.331 34.481 
79.261 31.735 NP83-42 
NP83-43/379.148 31.206 

















TAB LE 7A. STATION DATA FOR SEDIMENT SAMPLING. 









1. 6/2. 6B 
(NP84-CORE:STDTl 
WATER SUSPWATER SAMPLE BOTTOM CORE-POSITION STATION 
LENGTH SAMPLESNORTH EAST ID. /NO. DEPTH TYPE PHOTO 
OF SAMPL. (ml (ml 
78.921 26.351 NP84-1 102 6 X 
78.916 26.144 NP84-2 110 6 X 
79.015 26.224 NP84-3 168 6 X 
6 XNP84-478.997 25.969 172 
78.969 25.641 NP84-5 182 6 X 
6 X79.067 25.491 NP84-6 219 
79.121 25.764 NP84-7 6 X220 
679.102 26.347 NP84-8 X232 
NP84-9 679.123 26.339 246 X 
NP84-10 260 679.112 26.342 X 
79.065 25.972 NP84-11 X225 1 0.60 
79.086 25.968 NP84-12 236 1 X 0.85 
79.144 25.952 NP84-13 248 1 X 1.30 
79.232 26.203 NP84-14 266 6 X 
79.232 26.203 NP84-15 212 6 X 
79.255 25.465 NP84-16 X124 6 
79.309 25.607 NP84-17 X112 6 
79.377 25.936 NP84-18 128 6 X 
79.293 25.935 NP84-19 90 6 X 
79.411 26.182 NP84-20 X68 6 
TABLE 8A. STATION DATA FOR SEDIMENT SAMPLING. (NP85-CORE:STDTl 








































































155 6 X 
78.922 23.630 NP85-9 170 6 X 
78.954 24.178 NP85-10 185 6 X 
78.962 24.329 NP85-11 200 6 X 
78.971 24.525 NP85-12 215 6 X 
79.183 23.468 NP85-13 91 6 
79.135 23.535 NP85-14 109 6 X 
79.050 23.602 NP85-15 105 6 X 
78.993 23.667 NP85-16 134 6 X 
78.856 23.848 NP85-17 178 6 X 
78.860 24.219 NP85-18 168 6 X 
78.865 24.834 NP85-19 164 6 
79.001 24.891 NP85-20 216 6 
79.056 24.430 NP85-21 158 6 X 
79.082 24.886 NP85-22 180 6 
79.212 24.667 NP85-23 134 6 
79.250 24.742 NP85-24 80 6 X 
79.308 24.874 NP85-25 52 6 X 
78.848 23.507 NP85-26 153 1 
78.933 24.378 NP85-27 202 1 
79.017 25.083 NP85-28 218 1 
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